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157] ABSTRACT

A hydraulic brake system for automotive vehicles with
a master brake cylinder (1) connected to an unpressur-
1zed -reservoir and with a brake line (13, 14) connected
to a working chamber (4, 5) of the master brake cylinder
and leading to pressure control valves of a brake slip

control device (40). The pressure control valves are
followed by at least one wheel brake (18, 19) with the

working chamber (4, 5) of the master brake cylinder (1)
being connectable to a pressure medium source (29)
upon the start of the brake slip control device. To en-
sure that in brake systems of different vehicle types, the
wheel brakes of which have clearances differing in size,
the same master brake cylinder can be used without the
master brake cylinder having an undesired long pedal
travel and thus a great overall length. This is achieved
in that, upon the onset of the application of the brake
pedal (3), a pressure medium amount coordinated with
the clearance of the brakes can be suppled from the

pressure medium source (29) to the brake cylinders of
the wheel brakes (18, 19). |

6 Claims, 2 Drawing Sheets
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HYDRAULIC BRAKE SYSTEM FOR
AUTOMOTIVE VEHICLES

BACKGROUND OF THE INVENTION

This invention relates to a hydraulic brake system for
automotive vehicles with a master brake cylinder con-
nected to an unpressurized reservoir and with a brake
line connected to a working chamber of the master
brake cylinder and leading to pressure control valves of
a brake slip control device. The pressure control valves
are followed by at least on wheel brake, with the work-
ing chamber or the master brake cylinder being con-
nectable to a pressure medium source upon the start of
the brake slip control device.

In brake systems of this type, for repeated actuation
of the wheel brake after a relief in pressure, a pressure
medium amount is required during the operation of the
brake slip control device, which far exceeds the deliv-
ery capacity of the master brake cylinder. Thus, during
the operation of the brake slip control device, it is nec-

essary to supply the wheel brake, independently of the

master brake cylinder, with pressure medium from an
additional pressure medium source such as an energy
supply system.

A brake system is known from German published
patent application No. P 34 39 258 where a hydraulic-
energy-supply-system-fed brake booster is provided for

the actuation of the master brake cylinder. In this brake.

system, the brake line is connectable with the booster
chamber of the brake booster by way of an electromag-
netically operable control valve of the brake slip con-
trol device and by way of a non-return valve following

the valve. This is for the purpose of supplying the wheel

brake cylinders with pressure medium from the energy
supply system during the operation .of the brake slip
control device. Further, a controllable non-return valve
is provided between the master brake cylinder and the
connection point of the control valve which can be
switched into a locking position by means of the pres-
sure supplied by way of the control valve. In the lock-
ing position the pressure medium is only able to flow
back to the master brake cylinder. Thereby, the master
brake cylinder is kept in a ready position during the
operation of the brake slip control device. This solution
1s limited, however, to brake systems with a hydraulic
brake booster. Such brake systems, however, are rela-
tively intricate and expensive and thus are generally not
considered for use in smaller vehicles. A further disad-
vantage of this prior brake system is that the readiness
of the hydraulic brake booster and brake slip control
device are interdependent. |

Depending on the vehicle type, brake calipers with
varying sizes for clearance are built into the disc brakes.
S0 as to be able to use one brake system for different
clearances, the length of the master brake cylinder must
be rated such as to conform with the largest needed
clearance. Thus, in case of a larger clearance, there will
result a relatively long pedal travel. However, master
brake cylinders with great overall lengths are not desir-
able.

Thus, stepped master brake cylinders with differently
effective diameters, coordinated with the respective
clearance, are being used so as to avoid long pedal
travels and excessive overall lengths. Such stepped

master brake cylinders, however, are relatively intricate
and expensive.
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It is thus an object of the present invention to further
develop a brake system of the type mentioned above so
as to ensure that the same master brake cylinder can be
used in brake systems of different vehicle types the
wheel brakes of which have clearances differing in size,
without the master brake cylinder having a long pedal
travel and thus a great overall length.

SUMMARY OF THE INVENTION

According to the present invention this object is
achieved in that, upon the onset of the application of the
brake pedal, a pressure medium amount coordinated
with the clearance of the brakes can be supplied from
the pressure medium source to the brake cylinders of
the wheel brakes. Thus, in brake systems with brake slip
control, the existing pressure medium source i1s addi-
tionally used for generating a force to overcome the
clearance of the wheel brakes. The pressure medium
amount required to this end no longer has to be gener-
ated by the actuation of the master brake cylinder.
Thus, 1t 1S possible to use the same master brake cylin-
ders for wheel brakes with clearances of differing size.

According to a preferred embodiment, the pressure
medium source contains a pump wth a drive which, by
way of a switch operable by the brake pedal, can be
switched on for a predetermined time during which the
pressure medium amount required to overcome the
wheel brake clearance flows into the brake cylinders. In
this arrangement, no specific control valves are re-
quired for connecting the pressure medium source. The
“on” time 1s so small that the drive and pump may be
rated for short-period duty and thus allow manufacture
at a more favorable cost.

Preferably, an adjustable-response-duration time ele-
ment is actuatable by the switch, the response duration
of the time element being adjustable to the delivery time
of the pump which is required to overcome the clear-
ance of the wheel brakes. Such time elements are avail-
able at reasonable prices. It is expedient to use a timing
relay as the time element. It is advantageous if the time
element 1s a component of the electric part of the brake
slip control device. The time element may, for example,
be combined with parts of the brake slip control device
in one assembly unit, thus rendering manufacture and
assembly more economical. By means of the devices of
the present invention it is possible to achieve a reduc-
tion in the pedal travel. No additional hydraulic parts

~ are required. Adaptation to the respective clearance is
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easily and rapidly possible.

In another advantageous embodiment of the present
invention, the pressure medium source contains a pump
with a drive which can be switched on by way of a
switch operable by the brake pedal and which can be
switched off by way of a pressure switch responding in
a preset manner to a pressure in the brake cylinders. The
response pressure expediently is adjusted so as to ensure
that the pressure switch will put the pump out of opera-
tion as soon as the pressure reaches a certain threshold
value corresponding to the clearance compensation. In
this embodiment, an adaptation of the “on” time to the
respeciive clearance is no longer necessary. Further, a
brake pad wear compensation is achieved in this ar-
rangement. So as to reliably keep the brake system
closed relative to the pump outlet during the “off” times
of the pump drive, a non-return valve is expediently
arranged between the pump outlet and the working
chamber of the master brake cylinder.
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The present invention can also be used with advan-
tage in a tandem master brake cylinder in that the two
working chambers thereof are separately connectable
to the pressure medium source. According to the pres-
ent invention, the actuation of the master brake cylinder
can be effected by a brake booster, preferably by a
vacuum brake booster. In this respect, it is advanta-

geous that the brake booster be driven independently of
the pressure medium source, thus remaining effective in

case of failure of the pressure medium source.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will be explained in greater
detail with reference being made to the embodiments
thereof represented in the accompanying drawing
wherein:

FI1G. 1 shows a connection diagram of a first embodi-
ment of a hydraulic dual circuit brake system for an
automotive vehicle with a partial longitudinal section
through a braking pressure generator; and,

FIG. 2 is a connection diagram of a second embodi-
ment of a hydraulic dual circuit brake system for an
automotive vehicle with a partial longitudinal section
through a braking pressure generator.

- DETAILED DESCRIPTION

Referring now to FIG. 1, a braking pressure genera-
tor consists of a tandem master brake cylinder 1 and of

a vacuum booster 2 operable by a brake pedal 3. The
tandem master brake cylinder 1 shown in section has
two separate working chambers 4, § which can be re-

- duced 1n size by an operating stroke of the master cylin-

der pistons 6, 7. By way of central valves 8, 9 which are
open in the illustrated initial position, the working
chambers 4, 5 are connectable with supply chambers 10,
11 connected to an unpressurized supply reservoir 12.

Brake lines 13, 14 lead from the working chambers 4,
5 of the tandem master brake cylinder 1 to solenoid
valves 15, 16 of a brake slip control device 40. The
solenoid valves 15, 16 are open when currentless and
are arranged 1n a valve block 17. Connected to the
solenoid valves 15, 16 in each case are two brakes 18
and 19, respectively. One of wheel brakes 18 and 19,
respectively, at a time are associated with a front wheel
of the vehicle and the other one of the wheel brakes 18
and 19, respectively, being associated with a rear wheel
of the vehicle lying diagonally with respect to the front
wheel. Thus, there is a dual circuit brake system with a
diagonal circuit allotment.

Further, the wheel brakes 18 and 19 are connected to
two solenoids valves 21, 22 of the valve block 17. The
solenoid valves are closed when currentless and their
inlets are connected with the supply reservoir 12 by
way of a return line 23.

A pressure line 24, 25 branches off each brake line 13,
14. Each pressure line 24,. 25 leads to a separate non-
return valve 26, 27 which is closed in the initial position
and which is likewise integrated in the valve block 17.
- The non-return valves 26, 27 are arranged so as to open
only towards the pressure lines 24, 25. A pressure line
28 leads from the non-return valves 26, 27 to the outlet
of a pressure medium source 29 such as a pump aggre-
gate consisting of an electric-motor-driven pump 30 and
of a relief valve 31 and the inlet of which pump aggre-
gate 1s connected to the supply reservoir 12 by way of
a line 32. The pressure in the brake lines 13, 14 and in
the pressure line 28 is monitored by a differential pres-
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sure alarm switch 33 likewise arranged in the valve
block 17. |

Connected with the brake pedal 3 is a contact 35 of a
change-over switch 36 which on the input side is con-
nected to a pole 37 of a voltage source which may be
the battery of the vehicle. Both the operating and quies-
cent current outputs 38, 39 of the change-over switch 36
are connected to the brake slip control device 40
wherein a time element 41, and preferably a timing
relay, 1s arranged which, by way of the operating cur-
rent output, is applied to voltage upon the actuation of
the brake pedal 3. The time element 41 has a make
contact (non-illustrated) arranged in a power supply
line of an electric-motor drive 42 for the pump 30. The
time element 41 has a preset response duration. During
the duration of response, the drive 42, e.g., a direct
current motor, has voltage applied. Then, the drive 42 is
switched off again. The response duration is coordi-
nated with a certain pressure medium amount delivered
by the pump 30 during this time. Due to the excess
pressure thus resulting, the pistons of the wheel brakes
18, 19 (while overcoming the clearance between pad
and brake disc) will push the brake pads arranged in
front of them against the friction surfaces of the rotating
brake discs. The pressure medium volume needed for
overcoming the clearance of the brakes thus may easily
be adapted to different vehicle types by way of the time
element 41 and, hence, the delivery time.

‘The described brake system functions as follows:

The brake pedal 3 is moved in the direction of the
arrow 34 so as to initiate a braking action, the vacuum
brake booster 2 then will be actuated and the change-
over switch 36 will be actuated by the application of the
contact 35 to the operating current output 38. Thereby,
the vacuum brake booster 2 will move the two master
cylinder pistons 6, 7 into the tandem master brake cylin-
der 1, whereby, at first, the central valves 8, 9 will be
closed and the working chambers 4, 5 will be separated
from the supply chambers 10, 11. By the actuation of
the change-over switch 36, the time element 41 will be
actuated which thereby will apply the drive 42 to the
operating voltage. The pump 30 will start operating
and, after the closure of the central valves 8, 9, will
deliver pressure medium into the wheel brake cylinders
of the wheel brakes 18, 19 by way of the pressure lines
24, 25 and the open solenoid valves 15, 16. By way of
the pressure medium, a pressure will build up in the
wheel brakes, thus the pistons displacing themselves
with the brake pads in the direction of the braking sur-
faces. The amount of the pressure medium fed into the
wheel brake cylinders is coordinated with the clearance
between the brake pads and braking surfaces. The oper-
ating time will terminate when the pressure fluid vol-
ume required for the application of the brake pads to the
braking surfaces will have been delivered. At the end of
the operating time the drive 42 will be switched off,
thus the pump no longer delivers any pressure medium.
By means of operating times, differently adjusted as
regards their lengths, it is possible to generate the pres-
sure medium volumes required to overcome the clear-
ances of different brakes. The operating time can be
adjusted easily and quickly. No further complicated
hydraulic elements are required for this purpose. There
will rather result a pedal travel reduction, this enabling
the overall length of the used tandem master brake
cylinders to be small.

By means of a further displacement of the master
cylinder pistons 6, 7 a pressure will build up in the
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working chambers 4, 5. The pressure will propagate to
the wheel brakes 18 and 19 by way of the brake lines 13,
14 and the open solenoid valves 15, 16 and will actuate
the wheel brakes 18, 19 in correspondence with the
actuating force applied to the brake pedal 3. In this
actuating phase, the pump aggregate 29 will no longer
be switched on, thus no pressure being built up in the
pressure line 28. The non-return valves 26, 27 will be
closed. In addition the pressure in the pressure lines 24,
25 connected to the brake lines 13, 14 keeps the valves
in the closed position. |

When the brake slip control device 40 registers a
lock-up tendency of a vehicle wheel during a braking
action, immediately the pump aggregate 29 will be
switched on anew and the pump 30 will be driven at full
speed. Thereby a pressure will build up in the pressure
line 28, which pressure will be above the actuating
pressure in the brake lines 13, 14 or in the pressure lines
24, 25, respectively. Thus, the non-return valves 26, 27
will open and the pressure medium amount delivered by
the pump 30 will be supplied into the brake lines 13, 14
by way of the pressure lines 24, 25, The pressure me-
dium flowing in will cause the master cylinder pistons 6,
7 to move back in the brake release direction (with the
actuating force at the brake pedal 3 remaining un-
changed) until the central valves 8, 9 will open and thus
will reduce the pressure increased in the working cham-
bers 4, 5 until the actuating pressure predetermined by
the actuating force at the brake pedal 3 will have been
reached again. The central valves 8, 9 of the master
brake cylinder 1, together with the master cylinder
pistons 6, 7 will thus perform the control function re-
quired to keep the pressure in the brake lines 13, 14 on
the level predetermined by the actuating force applied
to the brake pedal 3. A specific pressure control will
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thus not be needed at the pump aggregate 29. In case of

brake ship control, the operation of the pump aggregate
29 will be monitored by the differential pressure alarm
switch 33. R

Upon the start of the pump aggregate 29, the solenoid
valves 15, 16 and 21, 22 will simultaneously be actuated
by the brake slip control device 40 in correspondence
with the predetermined control characteristic so as to
prevent lock-up of the vehicle wheels by periodically
building up and reducing the pressure in the wheel
brakes 18, 19. The pressure medium volume required
for these control operations will be taken from the
pump stream while the master cylinder pistons 6, 7 will
remain 1n the moved-back control position.

The differential pressure alarm switch 33 will register
any leak in the brake lines 13, 14 or any failure of the
pump pressure in the pressure line 28 and, if necessary,
will switch off the brake slip control device. In such a
case, by means of the master brake cylinder 1 and of the
brake booster 2, it will be possible to continue actuating
the intact part of the brake system and to brake the
vehicle to a halt. |
- The embodiment of a hydraulic dual circuit brake

system represented in FIG. 2 differs from the brake
system shown in FIG. 1 only in that no timing relay is
provided but rather a pressure switch 43 is provided:
Thus, like parts have been assigned like reference nu-
merals in FIGS. 1 and 2. Pressure switch 43 is con-
nected with the pressure line 28 supplied by the pump
30.

The pressure switch 43 has a change-over switch 44.
It can be preset to a desired response threshold of the
pressure The input of the change-over switch 44 is
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applied to a voltage such as the battery voltage. The
operating current output of the change-over switch 44
is applied to a voltage such as the battery voltage. The
operating current output of the change-over switch 44
is connected with the brake slip control device 40. In
the brake slip control device 40 the signals of the
change-over switches 36 and 44 will be combined with
each other. In correspondence with the result of the
combination, the drive 42 will be switched on and off,
respectively.

Conjunctively combined are the signal available at
the operating current output of the change-over switch
36 and the inverted signal of the operating current out-
put of the change-over switch 44. 1t could also be possi-
ble to conjunctively combine the signal at the quiescent
current output of the change-over switch 44 and the
signal at the operating current output of the change-
over switch 36. The result of the combination wil be the
control signal for the drive 42. The drive 42 will be
switched on if, due to the actuation of the brake pedal 3,
a corresponding signal appears at the operating current
output 38. The pressure switch 43 must not have re-
sponded in this action. As soon as the pressure switch 43
responds the drive 42 will be switched off again. This
logical combination, however, will be put out of opera-
tion by the control signals the brake slip control device
40 will generate for the drive 42 during brake slip con-
trol, that 1s, in case of brake slip control. The signal of
the pressure switch 43 which governs the switching-off
of the drive 42 will be rendered ineffective by the con-
trol signals.

The mode of operation of the brake system illustrated
in FIG. 2 corresponds with that of the brake system
shown in FIG. 1 except for switching-on of the drive
42. Switching-on of the drive 42 will be effected by the
actuation of the change-over switch 36. Thereupon, the
pump 30 will deliver pressure medium into the brake
cylinders 18, 19. In doing so, there will be a fast pressure
build-up by means of which the pistons, while overcom-
ing the clearance, will be moved with the brake pads
against the braking surfaces. Even when the brake pads
have contact with the braking surfaces, the pressure
will continue to increase until the pump 30 will switch
off. The pressure switch 43, therefore, is adjusted so as
to cause the brake slip control device 40 to switch off
the drive 42 when a threshold value is exceeded. In the
present instance, the pump 30 will be put out of opera-
tion by the pressure switch 43 as soon as the pressure
reaches a value corresponding to the compensation of
the clearance. Thereupon, the braking action will pro-
ceed in the same manner as described in connection
with the device according to FIG. 1.

Any special adaptation measures of the brake system
with regard to the respective clearance are likewise
avolded in the device according to FIG. 2. Except for
the adjustment of the response value of the pressure
switch 43, no adjusting operations are required. The
response value may be the same for brakes with differ-
ent clearances.

What is claimed is:

1. A hydraulic brake system for automotive vehicles
with a master brake cylinder connected to an unpressur-
1zed reservoir and with a brake line connected to a
working chamber of the master brake cylinder and
leading to pressure control valves of a brake slip control
device, which pressure control valves are followed by
at least one wheel brake, with the working chamber of
the master brake cylinder being connectable to a pres-
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sure medium source upon the start of the brake slip
control device, means for detecting the onset of the
application of the brake pedal (3), means responsive to
the detecting means for supplying a predetermined
pressure medium amount coordinated with the clear-
ance of the brake from the pressure medium source (29)
to the brake cylinder of the wheel brake wherein said
clearance of said brake is overcome prior to further

brake pedal travel following said onset thereby to re-
duce the overall brake pedal travel, wherein the pres-

sure medium source (29) contains a pump (30) with a
drive (42) which by way of a switch (36) operable by
the brake pedal (3), is switched on for a predetermined
time during which the pressure medium amount re-
quired to overcome the clearance of the wheel brake
flows into the wheel brake cylinder, said brake system
further comprising an adjustable-response-duration
time element (41) which 1s actuatable by means of the
switch (36), the response duration of said time element
(41) being adjustable to correspond to the the delivery
time of the pump (30) which 1s required to overcome
the clearance of the wheel brake.

2. A brake system as claimed in claim 1, wherein the
time element (41) is a component of an electrical brake
slip control device (40).

3. A hydraulic brake system for automotive vehicles
with a master brake cylinder connected to an unpressur-
ized reservoir and with a brake line connected to a
working chamber of the master brake cylinder and
leading to pressure control valves are followed by at
least one wheel brake, with the working chamber of the
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master brake cylinder being connectable to a pressure
medium source upon the start of the brake slip control
device, means for detecting the onset of the application
of the brake pedal (3), means responsive to the detecting
means for supplying a predetermined pressure medium
amount coordinated with the clearance of the brake
from the pressure medium source (29) to the brake cyl-

inder of the wheel brake wherein said clearance of said

brake 1s overcome prior to further brake pedal travel
following said onset thereby to reduce the overall brake

pedal travel, wherein the pressure medium source (29)
contains a pump (30) with a drive (42) which is
switched on by way of a switch (36) operable by the
brake pedal (3) and which is switched off by way of a
pressure switch (43) responding to a predetermined
pressure in the brake cylinder corresponding to the
pressure needed to overcome the clearance in the wheel
brake.

4. A brake system as claimed in claim 3, wherein a
non-return valve (26, 27) is arranged between the outlet
of the pump (30) and the working chamber (4, 5) of the
master brake cylinder (1).

5. A brake system as claimed in claim 3, wherein the
master brake cylinder (1) 1s a tandem master brake cyl-
inder the two working chambers (4, 5) of which are
separately connectable to the pressure medium source
(29).

6. A brake system as claimed in claim 5, wherein the
master brake cylinder (1) is actuatable by a vacuum

brake booster (2).

x * X k X
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